Orthognathic surgery is frequently accompanied by intermaxillary fixation. Intermaxillary fixation impedes the maintenance of effective oral hygiene and prolonged fixation can result in periodontal disease. A potential shorter term effect is the generation of oral malodour. It is unclear, however, as to how the production of malodorous compounds in the oral cavity is altered post-surgery. Oral air concentration of sulphur containing compounds, short chain organic acids, ammonia, isoprene and acetone were measured using selected ion flow tube-mass spectrometry in a patient who had undergone orthognathic surgery with subsequent intermaxillary fixation. Total sulphide levels rose approximately 5-fold during fixation with metal ties, with smaller increases recorded for the other compounds measured with the exception of isoprene which remained close to baseline levels. Organic acid levels declined markedly once elastic ties had replaced metal ties, with a lesser reduction being observed in sulphide levels, with both declining further after the commencement of a chlorhexidinecontaining mouthwash. These data suggest that bacterial generation of a variety of malodorous compounds increases markedly following intermaxillary fixation. This single case also suggests that the use of elastic ties and effective oral hygiene techniques, including the use of chlorhexidine mouthwash, may help ameliorate such post-surgical effects.
Introduction


Orthognathic surgery is a common class of procedures which aim to correct conditions of the face and jaw including temperomandibular joint dysfunction, sleep apnea, and a variety of craniofacial abnormalities such as orthodontic problems [1] . The procedure usually involves osteotomy of the bones of the maxilla and/or mandible to allow repositioning into the required alignment. Following surgery intermaxillary fixation is frequently performed by means of wires attached to brackets on the teeth. This "wiring shut" requires that the patient adheres to a liquid diet, and restricts or prevents their engaging in normal oral hygiene procedures such as brushing and flossing. Indeed, an increase in bacterially caused periodontal disease has been noted following intermaxillary fixation used in the treatment of jaw fractures or obesity [2] [3] [4] .
A useful indicator of oral hygiene is the bacteria-derived volatiles produced in the oral cavity [5] . Specifically, bacteria present in the mouth, in particular the dorsal surface of the tongue, catabolise food stuffs to produce a variety of chemicals, some of which result in little odour at typical concentrations, such as ammonia [6] , while others are a source of malodour [5] . The predominant odiferous compounds derive from sulphur-containing amino acids and include hydrogen sulphide (H 2 S), methylmercaptan (CH 3 SH), dimethylsulphide (CH 3 SCH 3 ), and dimethyldisulphide (CH 3 S 2 CH 3 ), although additional compounds such as short-chain organic acids (butyric, propionic and valeric), polyamines and indole may also contribute [5] . Measurement of such compounds in the oral cavity may offer a means to monitor oral hygiene following surgery and intermaxillary fixation. Quantification of such chemically diverse gases, normally present in the low to high parts per billion by volume range in the oral cavity is, however, difficult using conventional means such as gas chromatography, requiring multiple time consuming chromatographic separations. A new technique, selected ion flow tube-mass spectrometry (SIFT-MS), can readily achieve this task and provide a more complete picture of what is occurring in the mouth. SIFT-MS is a form of chemical ionisation mass spectrometry in which trace gases are reacted with ions, such as H 3 O + , NO + and O 2 + to form charged product ions at a known rate thereby allowing real time absolute quantification of chemically diverse trace gases [7] . For example, SIFT-MS can readily assay sulphides, ammonia and organic acids simultaneously, a capability not matched by conventional chromatographic separations. SIFT-MS is related to other ionisation mass spectrometry techniques such proton transfer-mass spectromety (PTR-MS) and atmospheric ionisation-mass spectroscopy (API-MS) which can also be used to analyse human breath [8] . SIFT-MS has the advantage, however, of being able to use multiple precursor ions to differentiate isomeric and isobaric compounds hence generally increasing the chemical resolution of the technique over PTR-and API-MS [7] . The current limits of detection of the technique are in the low PPBV and high PPTV ranges. This is sufficient to allow the quantification of the known odiferous oral volatiles using previously reported mass spectrometric data [7, 9] . SIFT-MS was therefore chosen to investigate oral gases in a patient who had recently undergone orthognathic surgery.
Methods
The patient was a 42 year old male who had undergone bilateral sagital split osteotomy and advancement of the mandible along with genioplasty. Post-surgery the mandibles were held in place by means of an acrylic splint and intermaxillary fixation using metal ties. He had received intravenous dextramethasone and cephalexin during his two day hospital stay, and continued taking cephalexin for 5 days after leaving the hospital. Up until the cessation of continuous intermaxillary fixation the patient consumed a liquid diet consisting mainly of creamed soups and liquid "meal replacements". There was no history of peridontal disease or oral malodour.
Using an a protocol approved by the Local Ethics Board of Lakehead University, at seven and eight days prior to surgery baseline oral air measurements were taken around 9:00 am. The patient had refrained from eating past midnight the previous evening and had not used any mouthwash or rinse since the previous evening. The subject was asked to nose breathe for 3 minutes with subsequent sampling of oral air for 45 seconds via a 5 cm PTFE tube with outer diameter of 1/16 inch at a flow rate of approximately 0.2 standard cm 3 s -1 . In previous work the tubing had been placed approximately 2.5 cm within the mouth superior to the tongue [10] . In this study, however, the wearing of a splint prevented this and therefore the tube was inserted through the lips to just reach the teeth. The other end of the tube was connected to the 6 foot long PTFE sampling line of a Profile-3 SIFT-MS (Instrument Science, UK). The tube had an outer diameter of 1/16 inch and an inner diameter of 0.025 inch, and was held at a temperature of 100 ℃. The sampling flow was reduced to the desired rate using a short length of 1/16 inch PTFE tubing which possessed an internal diameter of 0.007 inch [9] . The compounds of interest (sulphides, organic acids, ammonia, isoprene and acetone) were quantified by monitoring the specific ion product of the reaction between the compound of interest and the precursor ion transformed into absolute concentrations using a predetermined reaction rate coefficient [6] [7] [11] [12] [13] [14] . Precursor ion count rates for all ions exceeded 800 000 cps, with precursor ion purity exceeding 98.5%. Precursor and product ions were monitored sequentially with precursor ion being counted for 0.1 second each cycle and product ion for 0.5 seconds. Depending on the number of ions counted per cycle, this resulted in data points being collected approximately every 3-5 seconds and averaged over the sampling period. It should be noted that SIFT-MS is vulnerable to the presence of isobaric compounds and isotopologues which give rise to a product possessing the ions with the same m/z as the compound of interest. By examining the current SIFT-MS spectra library and considering which compounds are likely to be present in oral air, the above ionic products are likely to derive from the described compounds, and the remainder of this paper making this assumption. Having said this it should be noted that the monohydrate of the reaction between propionic acid and H 3 O + is isobaric with that of the reaction with toluene, the presence of which could interfere with the measurement of the acid [15] .
Results and Discussion
The baseline measurements (Table 1 ) demonstrated low sulphur compound levels (total sulphur compound concentration was 37 PPBV as illustrated in the Figure 1 ) consistent with having no history of oral malodour [16] .
The other compounds measured were negligible when compared to other published studies [6] [7] [11] [12] [13] [14] , although this, to the best of the authors knowledge, is the first report describing oral air concentrations of propionic and valeric acid. Baseline concentrations of the sulphides, ammonia, isoprene and acetone could be easily differentiated from ambient values, although, of the organic acids only acetic acid was above ambient concentrations.
Thirteen days following surgery, the mandibles remained immobilised by means of an acrylic splint and wired intermaxillary fixation. The patient had been lightly brushing the facial surface of his teeth, avoiding the surgical incisions, and using a menthol-based mouthwash, the latter being used to give temporary relief to a reported tongue irritation. He also stated that his spouse had complained that he had developed oral malodour. Total sulphur levels had increased approximately 5-fold at post-surgery days 13 and 14, having an absolute value of 186 PPBV with hydrogen sulphide showing the largest increase ( Figure 1 ). Such concentrations are consistent with the reported subjective impression of malodour [16] . Ammonia and acetone levels were also increased at this time point, while isoprene concentrations were slightly lower ( Table 1 ). The oral concentrations of all four organic acids assayed (Table 1) were also increased, in Air was sampled from the oral cavity via a PTFE tube at a rate of approximately 0.2 mLmin -1 for 45 seconds per measurement. The subject had nose-breathed for three minutes prior to sampling. Baseline (pre-surgery concentration) is the mean of measurements taken 7 and 8 days prior to surgery. Baseline measurement are shown as absolute concentrations whereas post-surgery concentrations are shown as a percentage relative to baseline. Ambient air measurements were made in triplicate at each time point. Since these did not differ significantly between measurement days (one way ANOVA; P>0.05) a mean value (SD) is shown. The metal ties were replaced with elastic ties after the measurement on day 14, between post-surgery days 16 and 21 the patient began to use a chlorhexidine containing mouthwash, and the splint and ties were restricted to night-time use on day 35. particular that of acetic and butyric acids, confirming and extending a previous finding of increased oral acetic acid levels in a patient with oral malodour [10] . Such data provide evidence that elevated organic acid levels may play a role in oral malodour. Having said that, it is unknown as to the contribution to subjectively detected oral malodour that these absolute levels of vapour phase organic acid actually play, but which techniques such as SIFT-MS are ideally suited to investigate.
Figure 1
Sulphide concentration of oral air following orthognathic surgery and intermaxiallary fixation. Total oral sulphides, comprising the sum of hydrogen sulphide, methylmercaptan, dimethyl sulphide and dimethyl disulphide, were measured by SIFT-MS in a single patient before and after orthognathic surgery (baseline) as described in the legend to the Table. The conditions at each time point were: M -intermaxillary metal ties, Eelastic ties, C -chlorhexidine containing mouthwash was being used, N -splint and ties were restricted to night-time use only. The number of days post-surgery is shown in parenthesis.
Following the measurement on day 14, the wires were replaced by elastic ties and further oral air analysis was conducted on day 16. The use of elastics resulted in the patient being able to brush the occlusal and incisal surfaces of the teeth. At this time point the oral concentrations of ammonia had fallen (Table 1) , as had sulphur containing compounds which decreased approximately 3-fold over baseline concentrations (Figure 1 ). Organic acid levels remained elevated, in particular butyric acid, although they had fallen markedly from that on day 14, much more so in relative terms than that of the sulphides suggesting a qualitative difference between the processes leading to the formation of each chemical class. Oral acetone concentrations remained high, however, while isoprene concentration again showed no marked change (Table 1) . These findings are not unexpected given that sulphur compounds and ammonia are produced predominantly within the mouth by microbes, while acetone and isoprene have a mainly systemic source, the former being formed in beta-oxidation of fatty acids, the latter in cholesterol biosynthesis [6] . As such elevated acetone concentrations are likely due to calorific restriction following surgery due to the need to consume a liquid diet, a conclusion supported by the fact that the patient had lost 18 lbs in weight by 21 days post surgery. Indeed oral acetone levels remained elevated until 22 days postsurgery (Table 1) , and did not fall in concert with those of ammonia and the sulphides. Furthermore, normal isoprene levels suggested that the rate of cholesterol synthesis had not changed. It should be noted, however, that the m/z 69 product ion deriving from isoprene could also be produced by the dihydrate of the reaction between methanol and H 3 O + [17], a possibility that should be considered in future studies.
Between days 16 and 21 the patient changed their mouthwash to one containing chlorhexidine which he used twice daily. Total sulphur compound concentration remained elevated by approximately 1.7 fold on day 21, but had markedly declined from day 16 (Figure 1 ). The patient's spouse had also ceased to mention the presence of oral malodour. Indeed, ammonia and dimethyl disulphide levels had returned to baseline levels by day 22 (Table 1) . While these reductions may have been due to the use of the chlorhexidine containing mouthwash, which appear to more effectively counter oral malodour compared to essential oil containing mouthwashes [16] , the cumulative effects of improved tooth brushing may also have played a role. On day 34 the splint and elastic ties were removed during the day and retained for night time use only, allowing the patient to return to their normal dental hygiene with a cessation of the use of the chlorhexidine-containing mouthwash. The final two oral air measurement on days 37 and 43 post-surgery show gas concentrations for all measured compounds returning to approximately baseline values (Table 1 and Figure 1 ).
Conclusions
To the best of the author's knowledge, this is the first investigation of oral trace gas levels following orthognathic surgery. In summary, this case study demonstrates that orally generated ammonia and malodourous sulphur containing compounds can rise markedly following orthognathic surgery combined with intermaxillary fixa-tion, leading to the occurrence of oral malodour, highlighting the need to consider the most effective means to lessen the impact of such procedures upon oral hygiene. The data from this single case suggests that the use of elastic ties and a chlorhexidine containing mouthwash may diminish the negative impact of the surgery. Further investigations using clinical trial type designs will be required to investigate the generalisability of these findings. The study also demonstrates the utility of SIFT-MS in the analysis of oral air, in particular the ability of the technique to quickly measure the concentrations of dissimilar chemical classes.
